PATIENTS with asymmetric septal hypertrophy (ASH) is disproportionate thickening of the ventricular septum with respect to the posterobasal left ventricular free wall.1 7 This finding in patients with ASH usually can be demonstrated by either echocardiographyl-' or necropsy. [5] [6] [7] The assessment of ventricular wall thicknesses by these two techniques have been shown to agree closely.8 However, recently we have observed a few patients with echocardiographically determined disproportionate septal thickening in whom the septal to posterobasal left ventricular wall thickness ratios, as determined at necropsy, were not diagnostic of disproportionate septal thickening. To determine better the factors responsible for such occasional disparities, we have measured ventricular wall thicknesses during life by echocardiography and, in the same patients, at necropsy. These systolic phase of the cardiac cycle; 2) the left ventricular free wall thickens considerably more than the ventricular septum in systole, as determined by echocardiography. This latter phenomenon resulted in septal-free wall ratios in systole that were consistently smaller than those in diastole. Furthermore, septal-free wall ratios obtained at necropsy corresponded most closely to those obtained by echocardiography in systole. studies were performed in nine patients with disproportionate septal thickening and eight other patients with either concentric thickening or normal wall dimensions.
Selection and Analysis of Patients
Initially, echocardiograms and heart specimens were analyzed in 36 patients evaluated at the National Heart, Lung and Blood Institute between 1972 and 1976 for cardiac disease. Nineteen patients were excluded from the study because either 1) the echocardiogram was not obtained relatively close to the time of death (13 patients) or 2) the echocardiogram (three patients) or necropsy specimen (three patients) was unsuitable for reliable measurement of ventricular wall thicknesses. The remaining 17 patients comprise the study group that was divided into two subgroups.
The first subgroup included eight patients in whom the ventricular septal to posterobasal left ventricular wall thickness ratio (determined by echocardiography in diastole) was < 1.3. These patients ranged in age from 25 to 66 years (mean 54); six were women and two were men. Included in this group were seven patients with acquired valvular disease (three with mitral valve disease, three with combined aortic and mitral valve disease and one with aortic valve disease); each died in the early postoperative period after valve replacement. The remaining patient had concentric hypertrophy, presumably due to systemic hypertension.
The second subgroup comprised nine patients in whom disproportionate ventricular septal thickening (septal-free wall ratio . 1.3) was confirmed by echocardiography (during the diastolic phase of the cardiac cycle). This subgroup represents the total number of patients evaluated at the National Heart, Lung and Blood Institute with disproportionate septal thickening who met the criteria for inclusion in the study group stated above. These patients ranged in age from 20 to 68 years (mean 44); six were women and three were men. Six patients had typical genetically transmitted ASH, one had tunnel subaortic stenosis,9 and two had combined aortic and mitral valvular disease. In the two patients with acquired valvular disease, the coexistent disproportionate septal thickening was thought to be secondary to the underlying cardiac abnormalities (unpublished observation) rather than due to genetically transmitted ASH. This conclusion was based on the fact that neither patient had disorganized cardiac muscle cells in the ventricular septum (characteristic of genetically transmitted ASH)'0 " and that disproportionate septal thickening was not present in any of the patients' first degree relatives who were studied by echocardiography. In the patient with tunnel subaortic stenosis, the disproportionate septal thickening was probably a manifestation of genetically transmitted disease, since numerous disorganized cardiac muscle cells were present in the ventricular septum; however, echocardiographic studies could not be obtained on this patient's relatives.
Of the six patients with typical ASH, four had obstruction to left ventricular outflow under basal conditions. Of the remaining two patients with ASH, one had no gradient under basal conditions but a marked gradient with provocation, while the other had no gradient under basal conditions or with provocation. The two patients with combined aortic and mitral valvular disease had gradients between the left ventricle and systemic artery of 50 mm Hg and 80 mm Hg. The patient with tunnel subaortic stenosis had a subaortic pressure gradient of 10 mm Hg.
Echocardiographic Studies
Echocardiograms were recorded with a modified Ekoline-20 ultrasound unit with an Aerotech gamma transducer using methods previously described.' The ultrasound signal was connected via a custom-built video amplifier to a Honeywell 1856 Visicorder and recorded continuously on light sensitive paper. Thickness of the ventricular septum was measured just below the tips of the mitral valve leaflets.
Measurements were recorded both in late diastole (just prior to the onset of atrial systole) and at end-systole when wall thickness was maximal. Posterobasal left ventricular wall thickness was measured at the level of the tips of the mitral valve leaflets and at the same times of the cardiac cycle. End-diastolic and end-systolic left ventricular transverse dimensions were recorded as the maximum and minimum dimensions, respectively.
Echocardiograms were performed one week to 14 months (median three weeks) prior to the patient's death. In 14 of the 17 patients echocardiograms were obtained within three months of death.
Necropsy Studies
The ventricular septum and posterior left ventricular free wall were measured where the echo beam presumably passed during life: 1) through the ventricular septum, near the area of its junction with the anterior left ventricular wall (2 cm medial to the insertion of the right ventricular free wall into the ventricular septum) and just caudal to the level of the tips of the mitral valve leaflets, and 2) through the posterobasal left ventricular wall, behind the mid-point of the posterior mitral leaflet at the level of the tips of the mitral leaflets. Measurements of ventricular walls were made perpendicular to the endocardial surface; care was taken to avoid including trabeculae, papillary muscles or crista supraventricularis in the measurement of wall thickness.
The transverse diameter of the left ventricular cavity was assessed in the 14 hearts that were sectioned perpendicular to the long axis of the left ventricle. The transverse diameter was measured from an area near the junction of the ventricular septum with the anterior left ventricular wall (approximately 3 cm caudal to the aortic valve) to an area of the posterior left ventricular wall midway between, and slightly cephalad to, the papillary muscles.
In each of three patients muscle was resected from the left ventricular outflow tract at operation about three weeks after the echocardiogram had been recorded. However, in all three patients measurements of ventricular septal thickness made on either side of the myectomy incision were virtually identical. Therefore, we believe that in these patients the removal of muscle from the septum did not interfere substantially with the comparison of ventricular septal thickness made after death and that obtained preoperatively by echocardiography and we have chosen to include their measurements in the present study.
To determine whether fixation with 10% buffered formaldehyde altered ventricular wall dimensions, the ventricular septum and posterobasal left ventricular wall were measured in five fresh hearts on the day of death prior to fixation and (in precisely the same areas of the heart) four to 11 days after fixation. Each of these five patients (age range of 13 to 58 years; mean 32) had died of cancer; none had clinical or necropsy evidence of heart disease.
Statistical Analyses
Data were analyzed statistically using paired or unpaired Student's t-test where appropriate.
Results

Patients with Concentric Thickening or Normal Wall Dimensions
Data on wall thicknesses and septal-free wall ratios in the eight patients with concentric thickening or normal wall dimensions are provided in figures 1-4. Ventricular septal thicknesses measured by echocardiography in systole were significantly greater than those obtained in diastole ( fig. 1 ). Left ventricular free wall thicknesses increased in systole to about the same degree as did the ventricular septum (figs. 2 and 3). Measurements of ventricular septal and left ventricular free wall thicknesses made at necropsy did not differ significantly from those made by echocardiography in systole, but were significantly greater than those obtained in diastole (figs. 1 and 2). Since the ventricular septum and left ventricular free wall increased in thickness to a similar degree in systole (as determined by echocardiography), septal-free wall thickness ratios in systole did not differ significantly from those obtained in diastole or at necropsy ( fig. 4 ). Left ventricular transverse dimension obtained by echocardiography in systole (mean 36.1 ± 3.6 mm) did not differ significantly from that obtained at necropsy (mean 30.2 3.0 mm). However, left ventricular transverse dimension obtained by echocardiography in diastole (mean 53.1 3.1 mm) was significantly greater than that obtained either in systole or at necropsy (P < 0.001).
Patients with Echocardiographically Determined Disproportionate Ventricular Septal Thickening
Data on wall thicknesses and septal-free wall ratios in the nine patients with disproportionate septal thickening are provided in figures 3, 5, 6 and 7. In these patients ventricular septal thicknesses measured in systole were slightly increased over those obtained in diastole ( fig. 5 ); however, left ventricular free wall thicknesses measured in systole were considerably increased over those obtained in diastole (figs. 3 and 6). Measurements of ventricular septal and left ventricular free wall thicknesses obtained at necropsy did not differ significantly from those obtained by echocardiography in systole (figs. 5 and 6). Left ventricular free wall thicknesses obtained at necropsy were, however, significantly greater than those obtained in diastole.
In figure 3 the echocardiographically determined ventricular septal and left ventricular free wall thicknesses of the Left ventricular free wall thicknesses obtained in diastole were significantly less than those obtained in systole (P < 0.001) or at necropsy (P < 0.005); left ventricularfree wall thicknesses obtained in systole did not differ significantly from those obtained at necropsy. 24.3 ± 5.4%) and the left ventricular free wall (mean 27.4 ± 4.9%).
Since in patients with disproportionate septal thickening the left ventricular free wall thickened considerably more than the ventricular septum in systole (as determined by echocardiography), septal-free wall thickness ratios were significantly less in systole than in diastole ( fig. 7) . In addition, since necropsy measurements of wall thicknesses were equivalent to those obtained by echocardiography in systole, septal-free wall ratios at necropsy did not differ from systolic ratios but were significantly less than diastolic ratios ( fig. 7) . Considered from the standpoint of individual patient data, septal-free wall ratios obtained in systole or at necropsy were equal to or less than those in diastole for each of the nine patients. Septal-free wall ratios at necropsy were < 1.3 for six of the seven patients with mildly abnormal diastolic septal-free wall ratios of 1.3 or 1.4. One patient with a diastolic septal-free wall ratio of 1.3 (that decreased to < 1.3 in systole) also had a thickness ratio of 1.3 at necropsy. In the two patients with markedly abnormal diastolic septalfree wall ratios of > 2.0, the thickness ratios obtained in systole and at necropsy were still > 1.3 but considerably less than the diastolic measurements.
Left ventricular transverse dimension obtained by echocardiography in systole (mean 24.5 ± 1.6 mm) did not differ significantly from that obtained at necropsy (mean 24.2 ± 2.0 mm). However, left ventricular transverse dimension obtained by echocardiography in diastole (mean 40.5 ± 1.7 mm) was significantly greater than that obtained either in systole or at necropsy (P < 0.001).
Comparison of Wall Thicknesses at Necropsy before and after
Fixation Ventricular wall thickness measurements obtained before fixation did not differ significantly from those obtained after fixation in the five hearts studied. Ventricular septal thick- values ± SEM. Septal-free wall ratios obtained in diastole are significantly greater than those obtained in systole and at necropsy (P < 0.005); septal-free wall ratios obtained in systole did not differ significantly from those obtained at necropsy. ness measured before fixation averaged 10.4 ± 1.0 (range, 8 to 14 mm) and after fixation averaged 10.2 ± 0.8 (range, 10 to 13 mm). Posterobasal left ventricular wall thickness measured before fixation averaged 11.4 + 0.9 (range, 9 to 14 mm) and after fixation averaged 10.8 ± 0.8 (range, 9 to 13 mm). In three of the five hearts, septal or posterobasal left ventricular wall thicknesses obtained after fixation were 1 mm less than those obtained prior to fixation; otherwise pre and postfixation wall thicknesses were identical.
Discussion
The results of the present investigation demonstrate that discrepancies between echocardiographic and necropsy measurements of ventricular wall thickness may occur. Moreover, these discrepancies can lead to the absence of necropsy confirmation of a diagnosis of disproportionate septal thickening made previously during life by echocardiography; i.e., septal-free wall ratios of 1.3 or 1.4 measured by echocardiography in six of our patients with disproportionate septal thickening were reduced to < 1.3 when the same hearts were studied at necropsy. One potential cause for these differences was the alteration of wall thickness by fixation of the heart. This explanation was excluded by the finding (in a separate group of hearts) that wall thicknesses were not different before and after fixation with formaldehyde. An alternative hypothesis, that the disparities between echocardiographic and necropsy measurements can be accounted for by the changes in wall thickness which occur between diastole and systole, is a much more likely explanation. Two observations appear to confirm the validity of this hypothesis. First, in patients with disproportionate septal thickening, the ventricular septum thickens much less in systole than does the left ventricular free wall."2 14 As a result, septal-free wall ratios are greater when measurements are obtained in diastole than when they are obtained in systole. Second, hearts examined at necropsy appeared to be in the systolic phase of the cardiac cycle. This conclusion was suggested by the fact that ventricular wall thicknesses, septal-free wall ratios, and left ventricular transverse dimensions measured at necropsy all correlated closely with measurements obtained echocardiographically in systole. Since, by convention, echocardiographic measurements of wall thickness are made during diastole, it becomes clear why septal-free wall ratios consistent with the diagnosis of disproportionate septal thickening during life may be inconsistent with this diagnosis after death (when hearts apparently are examined in systole).
Similar disparities in absolute values of wall thickness measured during life in diastole and at necropsy were also found in patients with concentric thickening or normal wall dimensions. As in patients with disproportionate septal thickening, these disparities in absolute measurements of wall thicknesses were not present when echocardiographic measurements obtained in systole were compared to necropsy measurements. However, while in patients with disproportionate septal thickening the left ventricular free wall thickened in systole to a greater extent than did the ventricular septum, in patients without disproportionate septal thickening both the septum and free wall thickened to about the same extent in systole. Hence, in these latter patients there were no disparities in septal-free wall ratios obtained during systole or diastole or at necropsy.
It should be emphasized that while only three (33%) of the nine patients in this study with disproportionate septal thickening (diagnosed by echocardiography) had this finding at necropsy, about 75% of our patients with genetically transmitted ASH studied at necropsy (i.e., those included in the present study plus those who died without echocardiographic studies) demonstrated disproportionate septal thickening.7 This difference probably is explained largely by the fact that the present study comprises a small, highly selected subgroup, i.e., nine patients who had disproportionate septal thickening (diagnosed by echocardiography) who happened to die within several months of their echocardiographic study. This group comprises all such patients evaluated at the National Heart, Lung and Blood Institute with this diagnosis in whom adequate echocardiograms and necropsy specimens were available. We wish to emphasize, however, that it was the primary intent of this study only to describe and explain the circumstances whereby patients with disproportionate septal thickening during life appear to have concentric ventricular thickening at necropsy. Our selected data provide no information regarding the prevalence of this phenomenon.
In conclusion, this study demonstrates that measurements of ventricular wall thicknesses and septal-free wall ratios by echocardiography may differ from those obtained at necropsy. These disparities appear to be due primarily to these facts: 1) the ventricular septum in patients with disproportionate septal thickening increases considerably less than the left ventricular free wall in systole; 2) hearts at necropsy appear to be in the systolic phase of the cardiac cycle; and 3) echocardiographic measurements to determine septal-free wall ratios are obtained in diastole. These findings indicate that echocardiographic measurements in diastole provide a more sensitive method than necropsy examination for documenting the presence of disproportionate septal thickening. The implication of our findings is that in certain patients with genetically transmitted ASH the diagnosis will not be established at necropsy by simple measurement of the relative thicknesses of ventricular septum and left ventricular free wall. In such patients, the correct diagnosis will rely on ancillary observations, including the typical clinical, hemodynamic and echocardiographic features of ASH during life and the presence of a documented family history of ASH. Other necropsy findings suggestive of ASH would include an endocardial contact lesion on the ventricular septum associated with thickening of the anterior mitral leaflet and, more definitively, the presence of numerous hypertrophied, disorganized cardiac muscle cells in the ventricular septum. used to document the presence and assess the size and location of vegetative lesions of the cardiac valves and chambers in seven patients with bacterial endocarditis. Anatomic correlation (surgical or autopsy) was accurate in all patients. Two-dimensional echocardiography was shown to be of particular value in determining morphologic characteristics of the lesions since this technique provides spatial information concerning moving cardiac structures. The results of twodimensional echocardiography were most helpful in determining VEGETATIVE ENDOCARDITIS is a continuing threat in patients with congenital or valvular heart disease and is a growing problem in drug addicts.' Recent autopsy studies have shown that it has a higher incidence than previously selected aspects of the clinical care provided for each patient. These data demonstrate that real-time, two-dimensional echocardiography, in combination with M-mode imaging techniques, may be of great potential value in the detection of vegetative endocarditis. Furthermore, reliable assessment of lesion size and location may, in time, become a valuable method for following the morphologic changes that occur in vegetative lesions, and thus determine the efficacy of antibiotic therapy. This information may also provide a means for evaluating certain patients for surgical intervention.
Two-dimensional Echocardiographic Assessment of Vegetative Endocarditis
suspected.2 Clinicians have emphasized the difficulty in diagnosing vegetative endocarditis, since as many as ten percent of cases report negative cultures. For the last few years, standard time-motion echocardiography has proven to be of value for the noninvasive detection of the presence of vegetative lesions. Dillon,3 Martinez,4 Wray,5 and others6 have demonstrated the ability of M-mode echocardiography to find vegetative lesions on valvular structures. Real-time, two-dimensional, or cross-sectional, echocardiography, because of its unique ability to provide spatial information and anatomical resemblance of cardiac structures, might provide further helpful information for the noninvasive diagnosis and management of patients with vegetative en-
